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SUI>:rARY  AND  CONCLUSIONS 


In  tha  coursa  of  a  thirty  day  study  of  acclimatiza¬ 
tion  to  Incraaalng  altitude  In  a  low  pressure  chamber, 
twenty  Individuals  made  three  hundred  and  eighty-seven 
lock  ascents  to  altitudes  ranging  from  2,000  to  22,500 
feet.  Six  of  these  Individuals  experienced  aero-embollsm 
or.  approximately  fifteen  occasions,  beginning  as  low  as 
17,000  feet;  In  two  Instances  the  pain  was  Incapacitating* 

Three  Individuals  developed  scintillating  temporal 
scotomata  during  descent  from  16,000  and  20,000  feet,  and 
In  two  of  these  men  unilateral  temporal  blindness  per¬ 
sisted  for  approximately  one  hour  after  return  to  sea  level. 
These  Individuals  gave  no  femlly  or  personal  history  of 
migraine,  and  the  scotomata  are  considered  to  have  been  a 
delayed  manifestation  of  bubble  formation* 

Pilots  who  make  repeated  rapid  ascents,  even  to 
modjrate  altitudes,  may  be  expected  to  experience  bends, 
and  perhaps  visual  defects,  even  as  low  as  18,000  feet* 


During  the  past  five  years  numerous  studies  have  been 
published  relating  to  all  phases  of  aero-embolism  or  bends, 
incXuding  the  influence  of  temperature,  rate  of  ascent, 
dui'ation  of  stay  at  altitude,  and  the  affect  of  repeated 
ascent.  (1,  2).  Individual  susceptibility  has  been  studied 
ri'j.T  the  point  of  view  of  age,  weight,  amount  of  adipose 
ol:'su6,  previous  trauma,  and  circulatory  status  (!)•  Among 
avj.utlon  personnel,  bends  is  recognized  as  a  condition 
occur‘ring  almost  exclusively  above  30,000  feet,  and  a  survey 
of  ‘;he  literature  reveals  only  one  report  of  bends  develop¬ 
ing  below  20,000  foot.  Allan  (3)  described  the  case  of  a 
pilot  who  was  incapacitated  by  bends  In  the  left  elbow  on 
each  of  three  plane  fllghL.'j  nt  10,000  and  12,000  feet,  as 
well  as  during  a  low  pressure  chamber  ascent.  A  second  case 
reported  by  Allan  concerned  a  WAVE  technician  who  developed 
pain  and  swelling  in  a  previously  Injured  ankle  during  a 
low  pressure  chamber  flight  at  16,000  feet*  In  both  cases 
soft  tissue  calcification  about  the  site  of  injury  was 
apparent  by  X-ray.  No  other  published  reports  of  low  alti¬ 
tude  bends  have  been  found,  though  there  are  many  uncon¬ 
firmed  stories  circulated  among  experienoed  chamber  person¬ 
nel  of  bends  occurring  as  low  as  10,000  feet. 

In  the  course  of  Hesearch  Project  X-720,  a  month  long 
study  of  acclimatization  to  gradxially  increasing  altitude, 
several  cases  of  bends  occurred  at  such  altitudes,  and  under 
sUch  circumstances  as  may  frequently  be  ..^>erisnoed  in 
modern  military  aircraft.  Thotigh  the  individual  eases  wei*e 
not  investigated  thoroughly,  they  are  coruldered  wdrthy  of 
report  for  this  reason. 

Three  hundred  and  eighty-seven  look  ascents  wsre  made 
dviring  a  twenty-eight  day  period  vftiile  the  chamber  was  at 
altitudes  from  2,000  to  22,500  feet.  Twenty  teohnioians 
and  medical  officers  made  all  but  a  few  of  these  387  look 
ascents,  and  the  cases  of  bands  occurred  in  this  group. 

The  members  of  the  crew  stood  fourteen  four-hour 
watches  each  week,  distributed  thi*oughout  the  night  and 
day.  All  were  under  increasing  texts  ion  as  the  chamber  alti¬ 
tude  increased,  and  none  could  be  said  to  be  In  the  best 
physical  condition.  None  of  the  crew,  however,  was  appre- 
liensive  about  the  work.  Ascent  was  at  the  rate  of  4,000 
feet  per  minute,  and  on  most  trips  the  attendant  reoiainad 
for  less  than  fifteen  minutes  at  altitude.  Oxygen  was  used 
routinely  on  all  ascents'  above  10,000  feet,  the  nasal  tyM 
of  BLB  mask,  with  constant  flow  regulator,  being  worn.  No 
anoxia  occurred  among  the  personnel  experiencing  bends. 
Chamber  temperature  ranged  from  65  to  80^  F» 


Operating  with  a  minimum  of  personnel  and  under  dlffl* 
eult  and  trying  conditions,  it  was  undesirable  from  the 
morale  standpoint  that  any  Importance  be  attached  to  the 
oceurrenee  of  bends,  or  that  the  matter  be  widely  discussed. 
Therefore  only  casual  consnont  was  made  on  each  case  and  the 
episodes  ware  patently  ignored.  It  is  hi^ly  improbable 
that  the  symptoms  irere  either  feigned  or  imagined,  and  noi.e 
of  the  thrM  medical  officers  who  developed  scotomata  wore 
aware  of  the  other  cases  until  their  own  had  been  reported. 

Case  It  (medical  officer).  Age  53,  wei^t  160,  physical  ■ 
eem^ition  fair.  Had  made  300  chamber  ascents  during  pre¬ 
vious'  four  years  with  increasing  susceptibility  to  bends. 

First  noted  mild  pain  in  skies  and  wrists  after  10-15 
minutes  at  altitudes  above  16,000  feet,  and  pain  was  present 
on  two  out  of  three  ascents  above  18,000  feet,  being  in¬ 
creased  by  exertion  of  closing  lock  door.  After  making  48 
aseents  in  19  days,  this  man  made  two  ascents  to  18,000 
feet  in  rapid  succession.  Upon  entering  the  lock  for  second 
descent,  he  noted  a  scintillating  scotoma  in  the  left  tem¬ 
poral  field  which  increased  rapidly  during  descent.  At 
sea  level  he  ws*  'nauseated  and  dizzy  and  developed  complete 
left  tes^oral  blindness  with  severe  right-sided  headache. 

The  blindness  disappeared  after  an  hour  but  the  severe  head¬ 
ache  persisted  for  chirty-slx  hours.  During  the  next  ten 
days  this  officer  made  26  ascents  with  no  other  symptoms 
than  mild  Joint  pain. 

Case  2:  (medical  officer).  Age  33,  weight  165,  physical 
condition  fair.  Very  little  previous  experience  with  alti¬ 
tude,  no  previous  bends. 

On  several  occasions  developed  Tlld  lolnt  pains  after 
an  hour  at  altitudes  above  17,000  feet.  After  thirteen 
ascents  in  tv/enty-one  days,  developed  a  right  temporal 
scintillating  scotoma  upon  reaching  sea  level  after  approx j - 
two  tours  nt  :  JOO  feet.  There  v;as  rlr^.t  tempcrc-J 
L' V Indu'^ s ^  with  j-ulio-  ir.  ct  igo  and  occlpito- 

C-  b'itaj.  •■eacacr,'  1;  •  '-j.  uci'oct  pers IstCvi  f’or  abon*. 

ore  r.or;r,  anu  l.on oaci.u  iCt  ..v/clvc  Tea  i  iboe*;  -  *• 

a'iconts,  each  preceded  by  Xv/cnly  to  thirty  ninulca  of  pro 
oxy  ^onar  ion  pr  .d-ced  '>;,npL  oms. 

Caso  5?  (nedical  <  '’^’icerK  Age  v/eight  140,  physical 
condition  excellent  .  IhxT.erous  chamber  ascents  during  pre¬ 
vious  two  yeers  with  cc'-nslonal  bends  at  above  30,000  feet. 

-  2  - 


This  man  developed  slight  and  transitory  joint  pains 
three  or  four  times  after  twenty  minutes  at  altitudes 
between  18,000  and  20,000  feet.  During  descent  from  21,000 
feet  (having  made  24prlor  ascents)  he  developed  a  scintil¬ 
lating  right  temporal  scotoma  which  perslated  for  forty- 
five  minutes,  causing  difficulty  In  reading  Instruments, 
but  no  true  blindness.  Slight  weakness,  dizziness  and 
headache.  Ten  subsequent  ascents  gave  no  symptcns* 

Case  4 1  (corpsman)  •  Age  28,  weight  160,  physioal  oondi- 
tlon  poor.  On  his  sixteenth  ascent  developed  minor  joint 
'pains  In  both  feet  and  ankles,  and  on  his  eighteenth  ascent, 
at  18,000  feet,  developed  severe  pain  In  both  knees  and 
ankles,  necessitating  descent  after  fifteen  minutes  at  alti¬ 
tude. 

Case  5i  (corpsman).  Age  21,  weight  130,  physical  oondl- 
tlon  fair.  After  fourteen  ascents  In  nineteen  days,  this 
man  developed  disabling  bends  In  knees,  fingers  and  hips 
which  became  so  severe  as  to  require  descent  after  twenty 
minutes  at  19,000  feet.  Pain  and  stiffness  persisted  In 
fingers  of  right  hand  for  three  days.  Ten  subsequent 
ascents  as  high  as  22,000  feet  caused  no  symptoms. 

Case  6 1  (corpsman).  Age  26,  weight  180  (adipose),  physical 
condition  poor.  Having  made  ten  ascents  to  Increasing  alti¬ 
tude,  without  symptoms,  he  developed  disabling  pain  In  right 
shoulder  at  21,000  feet,  which  persisted  for  several  hours 
after  descent.  Four  subsequent  ascents  as  high  as  22,000 
feet  caused  no  symptoms. 


DISCUSSION 

These  six  Individuals  experienced  bone  and  joint  pains 
at  altitudes  which  rarely  give  rise  to  clinical  aero-embollsm 
thou^  gas  bubbles  have  been  shown  to  appear  In  spinal  fluid 
(4)  as  low  as  18,000  feet.  Ordinarily  the  operating  crew 
were  required  to  perform  only  light  work  during  their  so¬ 
journ  at  altitude,  though  the  effort  required  to  seal  the 
lock  door  upon  starting  descent  was  considerable.  Although 
In  Case  1  and  Case  3  the  onset  of  the  pain  was  definitely 
hastened  by  exertion.  In  the  majority  of  Instances  exercise 
did  not  appear  to  be  a  contributing  factor* 

Susceptibility  to  bends  has  been  reported  to  Increase 
with  repeated  exposure  to  decompression  (2,  5),  thou|^  these 
reports  have  concerned  personnel  making  frequent  ascents 


above  30,000  feet.  It  le  believed  that  in  the  six  cases 
x*ep02^ed  here,  the  daily  ascents,  together  with'  increasing 
neryous  tension  surrounding  the  project,  contributed  con¬ 
siderably  to  the  development  of  bends.  The  rate  of  ascent 
employed  here  (4,000  feet  per  minute)  can  now  be  attained 
by  many  military  aircraft;  consequently  pilots  who  are 
oalle  d  upon  to  make  frequent  rapid  ascents  while  \mder 
stress  may  be  expected  to  develop  aero-embolism  such  as 
experienced  here,  a  fact  which  should  be  borne  in  mind  by 
fli{^t  surgeons. 

The  development  of  scintillating  scotomata  has  been 
•  fully  described  by  Engel  and  his  co-workers  (6),  who  dis¬ 
cussed  46  episodes  occurring  in  16  individuals  during 
ascents  of  30,000  to  38,000  feet.  They  do  not  consider 
these  scotomata  to  be  manifestations  of  aero-embolism, 
since  the  aynqptoms  ae  well  as  the  clinically  demonstrable 
visual  defects  persisted  or  often  grew  worse  after  descent'. 
Instead  they  were  able  to  imbover  either  family  or  personal 
histories  of  migraine  in  11  of  their  16  subjects,  and  con¬ 
sider  the  attacks  to  be  manifestations  of  migraine  pre¬ 
cipitated  by  decompression.  None  of  the  three  medical 
officers  who  experienced  scotomata  in  this  study  gave  such 
a  history  however.  Rodbard  (7)  describes  7  cases  of  visual 
disturbances  occurring  during  descent  from  36,000  feet  and 
raises  the  question  of  the  role  of  re  compress  ion  in  dis¬ 
lodging  bubble  emboli.  Burkhardt  (5)  also  mentions  scoto¬ 
mata,  but  does  not  elaborate  on  the  finding.  Motley  (1) 
in  a  study  of  bends  experienced  by  68,422  individuals 
mentions  the  incidence  of  visiial  symptoms  to  be  0.18^,  but 
does  not  describe  these*.  Obviously,  however,  if  the 
syndrome  may  develop  as  low  as  18,000  feet  in  personnel 
making  repeated  ascents,  it  may  have  considerable  impor¬ 
tance  to  pilots. 
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